ABSTRACT: A large number of irrigation dams have been constructed in Japan. Strong earthquakes have often occurred and seismic observations in fill dams are very important for safety and countermeasures. Seismometers have been installed in 156 high irrigation dams since 1954 and seismic accelerations observed. Dynamic dam behavior is investigated by seismic observation records at the National Institute for Rural Engineering in cooperation with dam managers.
INTRODUCTION
There are 3181 "high dams" higher than 15 m in Japan (1998) . Of those dams, the number of fill dams is 2587 (1995) , which accounts for 66% of the high dams of Japan. The number of irrigation dams higher than 15 m is 1707 (2000) and the number of fill dams for irrigation is 1517, which accounts for 87% of the irrigation dams higher than 15 m. Thus, fill dams are important facilities not only for irrigation water but also for conservation of water resources.
Japan is located in the Pacific earthquake belt and many strong earthquakes have often occurred. Earthquakes that have caused damage reach 436 throughout the known history of Japan (2001) . High dams have been damaged partly by earthquakes that exceed M5.5, but such strong earthquakes have not caused catastrophic damage. Therefore, it is important to investigate the dynamic behavior of dams, especially fill dams, during earthquakes for safety.
HISTORY AND CURRENT STATE OF SEISIMIC OBSERVATION
Seismometers were installed first in the Sannoukai fill dam constructed in 1954 for seismic observations, and the number of dams with seismometers has increased, notably since 1978. Seismic accelerations have been observed in many dams and numerous seismic records have been accumulated. The number of dams with seismometers is 156 (2000), which accounts for only 9.1% of the total irrigation dams higher than 15 m. In such dams with seismometers installed, the necessity to check the dam embankment when an earthquake occurs is determined by the observed data at the dam site. Dam is checked when earthquake intensity exceeds 4. On the other hand, in other dams accounting for around 91%, the necessity to check the dam embankment when an earthquake occurs is determined by data from the Meteorological Observatory of the Japan Meteorological Agency nearest the dam site. 
TYPES OF SEISMOMETER AND INSTALLED PLACES IN DAM

MANAGER OF DAM AND SEISMOMETER
The managers of dams and seismometers are the Regional Agencies of the Ministry of Agriculture, Forestry and Fisheries (MAFF) or prefectures, cities, Land Improvement Associations, etc.
RESEARCH ON SEISMIC RECORD AND DYNAMIC BEHAVIOR OF FILL DAM
The dynamic behaviors of dams and countermeasures against earthquakes are investigated at the National Institute for Rural Engineering (NIRE) by seismic records in cooperation with dam managers for improvement of dam design and execution technique. Tanaka, et al. (1981) investigated the dynamic dam behaviors of earthquakes by the observed earthquake records of the Isshi, Ohkuragawa and the Fukada dams. Masukawa, et al. (2002) also investigated the dynamic behaviors of 7 fill dams including the Fukada, Isshi, Minamishiio, Aratozawa, Nishonai, Ohgaki and the Wada dams by 29 acceleration wave records of 28 earthquakes with maximum acceleration measured at the bedrock of the fill dam exceeding 25 Gal. An outline of these 28 earthquakes and dams is shown in Table 2 . The observed data are included in the report with CD.
Model tests with a three dimensional shaking table (4×6m) have been investigated and a simulation technique by dynamic response analysis developed in cooperation with the Faculty of Agriculture, Tokyo University, for the research on the dynamic behavior of fill dams and countermeasures against earthquakes. On the other hand, seismic data observed at fill dams were utilized not only to investigate the dynamic behavior of dams but also to examine the simulation technique by dynamic response analysis developed by the model tests as case histories of actual dam behavior during earthquakes.
CONCLUSIONS
Seismic accelerations have been observed in irrigation dams by MAFF, prefectures and Land Improvement Associations, etc. since the Sannoukai fill dam was constructed in 1954. The purposes of seismic observations are to investigate the dynamic behavior of dams during earthquakes and to obtain a guideline of emergency checks of dam embankments after an earthquake occurs. Seismic accelerations observed in dams were also utilized to develop a simulation technique by seismic response analysis. The three dimensional shaking table of NIRE was utilized in cooperation with MAFF and the Tokyo University for the fundamental research on this simulation technique. Safety of fill dams is very important in the irrigation sector when an earthquake occurs. 
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